Do connexin 43 gap-junctional hemichannels activate and cause cell damage during ATP depletion of renal-tubule cells?
We review our evidence in favour of the hypothesis that gap-junctional hemichannels (GJH) are activated by depletion of adenosine triphosphate (ATP) in human renal proximal tubule cells in primary culture (hPT cells). Undocked GJH permit fluxes of ions and hydrophilic molecules up to 1 kDa, and thus their opening can cause alterations of cell composition conducive to cell damage. We show that hPT cells express connexin 43 (Cx43) (at the mRNA and protein levels) and that the protein is expressed on the plasma membrane. Moderate levels of pharmacological depletion of ATP increased plasma-membrane permeability, as shown by loading with the hydrophilic dye 5/6 carboxyfluorescein (CF, 376 Da) and other low-molecular weight dyes, but not with fluorescein-labelled dextran (>1500 Da). Roles for endocytosis and activation of purinergic-receptor channels were experimentally ruled out. Moderate ATP depletion also caused necrosis, assessed by cell permeabilization to propidium iodide. Prolonged exposure to gadolinium reduced both the dye loading and the necrosis induced by ATP depletion, i.e. it protected the cells. Cx43 overexpressed in insect cells, purified to homogeneity and reconstituted in proteoliposomes formed hemichannels that are activated by dephosphorylation of Ser368, a residue in a protein-kinase-C consensus phosphorylation sequence near the end of the C-terminal domain. (1) ATP depletion of hPT cells induces a Gd3+-sensitive permeability of the plasma membrane to hydrophilic dyes with a cut-off size consistent with Cx43 GJH. (2) ATP depletion also increases the percentage of necrotic cells, an effect also reduced by Gd3+. (3) The experiments with purified Cx43 reconstituted in liposomes suggest that dephosphorylation of Ser368 is sufficient to activate GJH, although other mechanisms may be involved in some cells.